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FLUID LEAKAGE DETECTION APPARATUS AND FLUID LEAKAGE 

DETECTION METHOD 

TNCORPORATION BY I^EFERENCE 
[0001] The disclosure of Ja^nesc Patent AppUcation Nq,2002-338658 filed 
on November 22, 20Q2, including ttie specification, diawings and abstraici; is 
inccHporated herabo by xefon^ce in its entibnety. 

PAqCOROVNP OF THE IWVEKnQN 

1. Field of the Invention 

[0002] The invention relates to a fluid leakage detection apparatus and 
method for detecting a fluid leakage in a system including a fluid passage that allows 
the fluid to flow thorethrongh, and a plurality of valves provided on intermediate 
portions of die fluid passage. . 

2. Descriptionof Related Art 

[0003] Genmlly a system that includes a piping and a plurality of valves 
provided on iniermediaie portions thereof has been known as being used for a fluid 
supply. A ftiel cell system, for example, employs a system for supplying hydrogen 
and oxygen to the fuel cell. The flow of the fluid can be interrupted by closing valves 
provided on intermediate portions of the piping, 

£0004] The aforeroentioned system employs a detector that detects leakage 
of the fluid. For example, a difference in the pressure between one side of one of 
those valves and the other side thereof is caused and the valve is closed so as to dieck 
if theie is a change in the pressure between one side ajid the other side of the valve. If 
diere is the change in the pressure, it may be detenpined ttiat the fluid leaks from the 
valve. 

[0005] In the aforementioned art, the fluid leakage can be detected willi 
respect to a single valve oidly and cannot be detected with respect to more than one 
valve at the same time. If a plurality of valves should be subjected to the fluid 
leakage detection, adjustment of the pressure and detection of the pressure change as 
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aforementioned have lo be performed one after another. This may make the 
procedure for such detection cumbersome and coixq>licatcd. 

SUMMAMGaF THE INVENTION 

[0006] It is an object of the invention to provide an apparatas and method 
Oiat detects leakage of the fluid flowing In a system including a fluid passage and a 
plurality of valves easily and quickly. 

[000^ A fluid leakage detection apparatus of a first aspect of the inv^ition. 
detects a leakage of a fluid in a system including a hi^-pressure fluid sapf^y source, a 
fluid passage that passes the fluid from one end that locates at an upstream side dose 
to the fluid supply source to the other end that locates at a downstreain side, and a first 
valve, and a second valve each provided on an intermediate pgrtion of ttie fluid passage 
jBcOm the upstream side. In the fluid leakage detection af^aiams, a pressure of the 
fluid within a detection range between the first valve and the second valve is detected. 
Then a pressure within the detection range is adjusted into a ptectetenxuned reference 
pressure, a pressure upstream of the first valve is adjusted to be bighpr than the 
predel^nninBd reference piessunB, and a pressure downstream of tl» second valve is 
adjusted to be lower ttian the piedetennined reference pressure, respectively by 
operating the fir^t valve and the second valve. The fluid leakage detection apparams 
serves to determine the leakage of the fluid based on a change in the detected piesstire. 

[0008] This makes it possible to detect the leakage of the fluid out of at least 
two valves and the fluid passage within the detection range together at the same time. 

[0009] Theremay be the case that the fluid leaks finom a crack portion of the 
fluid passage in the detection range. The detection ^[)paratus may be structured to 
detect the leakage of the first and the second valves only. Altemativ^y it may be 
structured to detect the leakage of the first valve and the fluid passage only. 

[0010] Any type of the fluid may be applied to the invention so long as it 
flows through the fluid passage. It may be in the form of gas> for example, propiane 
gas, hydrogen, oxygen and the like, or in the form of liquid, for example, gasc^e, 
petroleum, and arbitrary type of water such as waste water. 
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[0011] The system including the fluid pas^ge and valves may be structured 
to supply hydrogen or oxygen lo the fuel cdl, or lo circulate cooling water. It is net 
limited to the one provided for the fuel cell but for various types of apparatus. It naay 
be structured to supply, for example, fuel, cleaning fluid, lubricating oil and the like. 

[0012] The fust valVe and the second valve may be provided at an upstream- 
side end portion and/or a downstream-side eiid portion of the fluid passage. 

[0013] The detection apparatus may be structured to detect each leakage of 
three or more valves at the same time. In the system in wfajdi three or more valves 
arc provided in scries on the fluid passage, each leakage of three or more, valves can be 
detected at the same time if each pressure m the detecdoh range» upstream side and 
dowrnstream side of arbitrary two adjacent valves is set such that the afnementioned 
relationship thereamong is kept 

[0014] The fluid leakage detectjon ^paratus may be structured to detemiihe 
diat the first valve has the leakage of the fluid when the detected pressure of the fluid 
within the detecdon range becomes higher than the predetermined reference value. 

[0015] This makes it possible to detect the fluid leakage of die first valve 
simultaneously with the detecdoh of the fluid leakage of die second valve and the fluid 
passage in the detection range. When the value obtained by subtracting the reference 
pressin-e from die pressure in die detection range beconoes equal to or larger than a 
predetermined value, it is determined that the pressure has been increased. The 
increase in the pressure may be determined if the increase ratio of the pressure in tte 
detection range bccoines equal to or larger than a predetcraiined value, or the deonease 
ratio of the pressure becomes equal to or smaller than a predetermined value. 

[0016] The fluid leakage, detection apparatus may be structured to determine 
that one of the second valve and the fluid passage within the detection range has the 
leakage of the fluid when the detected pressure of the fluid widun the detection range 
becomes lower than the predetermined reference pressure. 

[0017) fl^s makes it possible to detect the fluid leakage of the second valve 
or the fluid passage in the detection range simultaneously with the detection of the 
fluid leakage of die first valve. When the value obtained by subtracting the prcssiw 
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within the detection range from the reference pressure becomes equal to or higher than 
a predetermined pressure, 5t may be dctennined that the pressure has hceti decreased. 
When the decrease ratio of the pressure within the detection range becomes equal to or 
larger than the predetennined value or the increase ratio beconics equal to or smaller 
than a predetermined value, it may be determined that the pressure has been decreased. 

(0018) The afoxOTentioned prcdetenniiied values may be set bascsd on an 
amount of change caused in the pressme within the detection range in the state where 
the fluid leaks frmn the first or die second valve. 

[0019) The pressure in the detection range, the pressure upstream of the first 
valve, and the pressure downstream of the second valve may be adjusted in accordance 
with a predetermined pressure in an arbitrary manner as described bidow. 

[0020] The fluid leakage detection apparatus may be structured to close the 
first valve that has been held in aii opened state, and upon elapse of a predetennined 
time period from closing of the first valve, further closes the second valve that has 
been held in an opened state. 

[0021] This niakes it jwssible to aUow the presstire adjustinciit by 
apparatus with a simple structure. The required pressure adtjustment may be realized 
by shifting the timing for closing the first valve from the timing for closing tiic second 
valve. 

' [0022] . The fluid leakage detection apparatus may be structured to determine 
that the first valve has the leakage of the fluid when the detected pressure within ttic 
detecidon range is higher than a predeterfnined pressure in a period from a time at 
which the first valve is closed to a time at which the second valve is closed. 

[0023] This makes it possible to quickly detect the fluid leakage of the first 
valve without the need of completing the pressure adjustment. The predetermined 
pressure may be set to the value ranging from the pressure upstream of the first valve 
to the reference pressure. 

[0024] The fluid leakage detection apparatus may be structured to.close the 
first valve after closing the second valve, and operates the closed second valve 
dtereafrer such that die pressure within the detection range becomes the predetennmed 
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Inference pressure. 

[002^ This makes Jt possible to perfonn the pressure adjustment even in the 
system whciti the pressure dowtisiream of the second valve and the pressure in the 
detection range are momentarily uniformized. Such system may include the one in 
which the second valve is provided on a mid portion of the fluid passage with small 
cross section area, or the capacity of the fluid passage in the detection range is small. 
The aforementioned pressure adjustment may be applied to the system other than die 

aforementioned one. 

[002<r| The fluid leakage detection apparatus may be structured to detcr^^ 
Oiat one of the second valve arid the fluid passage in the detection 
leakage of the fluid when the detected pressure within the detection range becomes 
lower than a prcdctermhied paressure in a period from a lime at which the second valve 
is closed to a time at which die second valve is operated. 

[00271 This makes it possible to detect die fluid leakage of die second valve 
quickly without the need of conipleting the pressure adjustment. The jpredctiainincd 
pressure may be set to die value ranging IBrom the pressure upstream of die first valve 
to die reference pressure. 

[0028) In the fluid le^ge detection ^ypaiatus, a fluid utilizing mechanism 
is provided downstream of the second valve so as to be operated with die fluid, and the 
controller serves to operate the fluid utilising mechanism for reducing a pressme 
downstream of the second valve. 

(0029) This makes it possible to paform the pressure adjustment easily as 
well as prevent the fluid from being wasted during the pressure adjustment. If die 
fluid is likely to give an unfavorable influence on the cnviroruncnt such as hydrogen, 
the mechanism that utilizes the fluid is operated such that die fluid is not discharged 
into atmosph^. 

[0030] The aforementioned mechanism that uses the fluid may be in various 
forms to, for cxan^le, consume, accumulate, absorb, or discharge the fluid. Itmay be 
in die form of the fuel cell or die combustion device diat bums gas such as propane gas. 
It may also be die tank that accumulates the fluid. It may be liquid, gas, or solid that 
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absorbs the fluid such as metal hydride (as hydrogen absoibing aUoy). Alternatively, 
it may be the di&chargiiig device that functioiis in discharging the fluid into 
atmosphere. 

[0031] In the fluid leakage detection apparatus, die fluid utilizing 
mechanism may be fonned as a fuel cell, and the fluid may be hydrogen. 

[0032] In the fluid leakage detection apparatus, the detection jange of tiie 
fluid passage is connected to a supply pipe for supplying the fluid thereto, tlie supply 
pipe is provided widi a check valve that prevents a reverse flow of the fluid from the 
detection range to the supply pipe, and a reverse flow pievention portion i^ provided 
for xcducihg a pressure of the fluid within the supply pipe prior to deteninnation of the 
leakage. 

[0033] This makes it possible to perforai the pressuife adjustment^ and to 
avoid the pressure change In the detection range owing to the fluid flowing from the 
supply pipe. As a result, the fluid leakage may be accuiately pcrfbmted. 

[0034] A fluid leakage detection method of a second aspect of the invention, 
detects a leakage of a fluid in a system including a high-pressure fluid supply source, a 
fluid passage that passes the fluid from one end that locates at an upstream side close 
to the fluid supply source to the other end that locates at a downstream side, and a first 
valve and a second valve each provided on an intermediate portion of the fluid passage 
from the upstream side. In the fluid leakage detection method, a pressure of the fluid 
within a detection range between the first valve and the second valve is detected. 
Then a pressure within the detection range is adjusted into a iHedetenmned reference 
pressure, a pressure upstream of the first valve is adjusted to be higher than the 
predetermined reference pressure, aixd a pressure downstream of the second v^ve i$ 
adjusted to be lower than the predetermined reference pressure, respectively by 
operating the first valve and the second valve. TTie fluid leakage detection metbcd 
serves to determine the leakage of the fluid based on a change in the detected pressure. 



RRfeP PESCRtPTION OF TFfP, DK AWINGS 
[0035] The foregoing and furthca- objects, features and advantages of the 
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invention wiJl become apparent from the following desariptioD of prefeixed 
embodiments with reference to the accompanying drawings^ wherein like numerals are 
used to represent like elements and wherein: 

[0036] Fig. 1 is a schematic view of a ftel ceJl system as an embodiment of 
the invention; 

[00371 Rg- 2 is a flowchart representing a first half of the control routine fiw 
detecting a fluid leakage; 

[0038] Fig. 3 is a flowchart representing a second half of die control routine 

for detecting the fluid leakage; 

[0039] Fig. 4 is a timing chart showing the routine for detecting the fluid 

leakage; 

[0040] Fig. 5 is a flowchart representing a control routine for detecting the 
fluid leakage according to a modified example; 

[0041] Fig. 6 is a tinodng chart showing the routbie for detecting the flw^ 

leakage according to the modified example; 

[0042] Fig. 7 is a schematic view showing the fuel cell system having a 
regidator oii an intermediate portion of a piping; and 

[0043] Kg. 8 is a schematic view showing the fuel cell system including a 
second hydrogen tank. 

ry KtfLji Fn nPfgrRTPTTON q f prpfphrfd fmbodiments 
[0044] Ptcferred exnbodiments of the invoiti^ will be described with 

respect to Ae following aq>ect$: 

A: structure; 

B: control routine; 

C: modified example 1; and 

D: modified exan^le 2. 
£0045] 
A: Structure 

Hg. 1 is a schematic view showing a fuel cell system 100 as an embodiment of a 
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fluid leakage deCectlon apparatus of the invention. The fuel cell system includes a 
power generation system 120, a piping 200 for chaTging/dischaiging hydrogen and 
oxygen wjih respect to the power generation system 120, and a controller 110 tfiat 
controls the power gcnciation systenn 120 and the piping 200, The fud cell system 
100 according to the embodiment includes the function that detects leakage of 
hydrogen from the piping 200. The fticl ceU system 100 according to the invention 
may bciq[>plied to the electric vebidie. 

(0046) The power gOTcration system J 20 includes an FC stack (a fud cell) 
121. a motor 122 and a storage cell 123. The FC stack 121 receives siq>ply of 
hydrogen and oxygen from the piping 200 so as to be subjected to chemical reaction 
for generating power. The FC stack 121 receives supply of hydrogen ftum a pipe 205 
and air as gas containing oxygen from a pipe 221. A cathode off gas Is discharged 
ftorti a pipe 222, and anode oif gas is discharged from a pipe 220. A portion of 
hydrogen that has been supplied to the FC stack 121 but not used fcnr genersiting power 
is mixed with the anode off gas and disdiarged from the pipe 220. Water resulting 
from the chemical reaction is discharged mainly from the pipe 222- 

[0047) The power generated by the FC stack 121 is supplied to die motor 
122 or the storage cell 123. The storage cell 123 ten^iarily stores die power 
gen^ated by the FC stack 121. The motor 122 generates motive energy using the 
power generated by the FC stadc 121 or the power stored in the storage cell 123. 

[0048] An intake port 201 of the piping 200 has a filter dirough which air is 
admitted into the piping 200 The aditiittcd air is comjwessed by a compressor 202^ 
and the compressed air is humidified by a humidifier 203^ and supplied to the FC stack 
121. 

[0049} Airdischargedftom the pipe 222 of the FC stack 121 is discharged 
into atmosphere via a mufllex 213. 

[0050] A hydrogen tank 240 stores high-pressure hydrogen, and the stored 
hydrogen is supplied to the FC stack 1 21 via pipes 207, 205. The hydrogen tank 240 
is connected to the pipe 207 via a source valve 21 1 . A valve 206 is disposed between 
the piping 207 and 205, The flow of hydrogen may be interrupted by closing each of 
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the valves 21 1 , 206. Hydrogen naay be supplied from the hydrogen tank 240 to the 
FC stack 121 by <^ning both the valves 211, 206. A pressuore gauge 210 capable of 
detecting the hydrogen pressure within the pipe 207 is provided therein. 

[0051] The hydmgen discharged from the pipe 220 is i«-circula^ 
pump 213 to the pipe 207 through the check valve 212, Hie check valve 212 has a 
function to prevent the hydrogen from reversely flowing firona the pipe 207 to the pipe 
223. The check valve 212 is amoniaticaUy opened or closed in response to the 
diflFerence in the pressure between die pipe 223 and the pipe 207. If the pump 213 
docs not apply pressure to hydrogen within the pipe 223, the chedc valve 212 is closed. 

[0052] The pipe S23 is connected to a valve 214. When tfie valve 214 is 
opened, the hydrogen discharged from the pipe 220 flows into atmosphere via a 
dilution device 2J5 which serves to dilute the concentration of hydrogen dischai^d 
into atmosphere by mixing air discharged from the pipe 222 with the hydrogen 
dischaxEcd £rom the pipe 223 

[0053] The controller 1 10 constitutes a micxo-coraputer including GPU, 
ROM, and RAM, functioning in controlling an operation of the fu^ cell system 100- 
Fig. 1 is shown as a block diagram representing each function realized by the 
controller 1 1 0. The respective fiinction blocks will be realized by executing the 
control piogiain stcrod in ROM or RAM of the controUw. At least a potion of the 
ftinction blocks may be realized with hardware. 

[0054] The controller 1 10 of the fiiel cell system 100 serves to detect the 
hydrogen leakage of the valves 206, 211 by realizing the respective function blocks 
The controDer 1 10 controls the vb closing/opening opca^tion of the valves 206, 21 1, 
214 and other valves in order to detect the leakage. The controller 1 10 controls the 
operation of the power generation system 1 20. The valves 206 and 21 1 are caUed as 
the outlet vajvc and the inlet valve, respectively. 

[0055] An adjustment section 111 controls valve opening/closing operaiioik 
of the outlet valve 206 and the inlet valve 21 1, and operation of the power generation 
system 1 20. The adjustment section 1 1 1 adjusts the hydrogen pressure within the 
pipes 205, 207 to a predetermined pressure such that the outlet valve and the inlet 
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valves 206, 21 1 arc closed. The adjustment sectioj) 111 adjusts the pressure witfaih 
the pipe 207 to be lower than the pressure within the hydrogen tank 240, and adjusts 
the pressure within the pipe 205 into the pressure further lower than the pfessme within . 
the pipe 207. 

[0056] More Specifically the adjustment section 1 1 1 stops operating the 
purx^ 213, and opens the valve 214 so as to reduce the pressure widrin die pipe 223 in 
order to prevent due check valve 212 from being opened in the subsequent pressufc 
adjustment period. The hydrogen within the pipe 205 is consumed by the FC stack 
121» and the outlet valve 206 and the inlet valve 211 are operated to adjust the pxessuxe. 
The adjustment section 111 executes the pressine adjustment in the manlier to be 
described below. 

[0057] A detection section 112 detects the hydrogen pressure within the pipe 
207 by means of a pressure gauge 210. The pressure adjustment may be realized by 
the adjustment section 111 based on the pressure within the pipe 207 measured by the 
detection section 112. 

[0058] A diagnostic section 113 detects the hydrogen leakage of the outlet 
valve 206 and/or the inlet valve 211 while detecting the pressure by the detection 
section 112. The pressure change within the pipe 207 is detected in a state where the 
adjustment section 111 is allowed to perform the pressure adjustment within die pipes 
205, 207. If the pressure within the pipe 207 increases, it is determined that the inlet 
valve 21 1 has a leak- If the pressure within the pipe 207 decreases, it is dctenanned 
that the outlet valve 206 has a leak. 

I0059J 

B: Control routine 

Fig. 2 is a flowchart representing a first half of the control routine for the leakage 
detection. Fig. 3 is a flowchart representing a second half of the control routine for 
the leafege detection. Fig. 4 is a timing chart that represents the procedure for the 
leakage detection. The diagnostic section 113 determines the leakage of hydrogen out 
of the outlet valve 206 and the inlet valve 21 1 by executing the control routine as 
shown in Figs. 2, 3, and 4. It is assumed that the leakage detection is executed when 
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the fuel cell system 100 is stopped so as not to be influenced by the aforementicmed 
leakage detection process, 

[0060] Referring to the flowchart of Fig, 2, in step SaOl, the adjustment 
section 111 stops operating the pump 2J3 and opens the valve 213 in response to an 
instruction from the diagnostic section 113 so as to reduce the pressure vdthin the pipe 
223, This process is executed for pareventing the check valve 212 from being opened 
in the course of the subsequent pressure adjustment, 

[0061] 111 step Sa02, the adjusunent section 111 opens die outlet valve 206 
and the iiilct valve 21 1 to allow the power generation system 120 to start its operation. 
Hie supply of hydrogen from the pipe 205 to the FC stack 121 is started. At a timing 
Scl of the timing chart shown in Fig. 4, step Sa02 is executed- 

[0062] The leakage detection process as aforementioned is executed in the 
state where the fuel ceU system 100 is stopped. Accordingly, power gencxated by the 
PC stack 121 is not suppUcd to the motor 122 but to the stcnage c^U 123- the power 
supplied to the storage ceU 123 can be utilized for activating the motor 122 after 
completion of the leakage detection. 

[0063] In stqp Sa03, the adjustment section 111 closes the inlet valve 211. 
niis may stop the hydrogen flow from the hydrogen tank 240 to the pipe 207. As a 
result, each pressure within the pipes 207, 205 starts decreasing. In step Sa03, the 
hydrogen consunytion quantity is adjusted such that the pressure within the pipe 207 
is decreased within an appropriate time period, and the power generation by the PC 
stack 121 is also adjusted. Step Sa03 is executed at a timing Sc2 of the timing chart 
of Fig- 4- It is to be understood that the invention is not limited to the aforementioned 
embodinKsnt in which Ac power generation quantity is decreased at the timing Sc2. 
Altemativcly the power generation quantity may be kept at a constant value, or may be 
increased. 

[0064] After an elapse of a predetermined period from the closing operation 
of the inlet valve 2 1 1 , the ouUet valve 206 is closed in step Sa04. The predetermined 
period may be set to the time taken for the pressure within the pipe 207 to become 
sufficiently higher than the atmospheric pressure, but to become sufficiendy lower than 
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the pressure within the hydrogen tank 240. Step Sa04 is executed at a timing Sc3 of the 
timing chart shown in Fig. 4. 

[0065] The diagnostic section 113 detennincs the valve closing operation of 
the outlet valve 206 as well as the pressure within the pipe 207 via the detection 
section 1 1 2 in step Sa05. If the inlet valve 21 1 has a leak of hydrogen^ die degree of 
decrease in the pressure within the pipe 207 at the timing fifonn Sc2 to Sc3 becoxpes 
smaller than the degree of decrease in the pressurts in the case of no hydrogen leakage. 
This is because the supply of hydrogen into the pipe 207 is continued owing to Ibe 
leakage. 

[OOM] In step Sa06, it is determined wbedier the [rossure within the pipe 
207 exceeds a predetcannined reference pressure. If Yes is obtained in step Sa06, that 
is, it is determined that the pressure within the pipe 207 exceeds the reference pressure, 
the process proceeds to step Sal 1 where power generating operation of tiie power 
generation system 1 20 is stopped. The process farther proceeds to step Sb3 1 of the 
flowchart shown in Fig, 3 where the leakage of the inlet valve 21 1 is determined. The 
Inference pressure is set so as to exceed the range of the pressure within me pipe 207 to 
be measured in step Sa05 in the case where the inlet valve 21 1 has no leakage. 

[0067] The detection of leakage executed in steps Sa05, Sa06 may be 
executed before closing the outlet valve 206 in step Sa04. 

[0068] If No is obtained in step Sa06, that is, it is determined that die 
pressure within the pipe 207 does not exceed Oie reference pressure, the process 
proceeds to step Sa07 for waiting until passage of a predetermined period t. During 
the predetermined period t, the pressure within the pipe 205 is decreased owing to the 
hydrogen consumption of the FC stack 12 1 . The predetermined period t is set to the 
time taken for the pressure within the pipe 205 to become sufficiently lower than the 
pressure within the pipe 207, for example, to sufficiently reach the atmospheric 
pressure. 

[0069] The pressure within the pipe 207 becomes lower than the pressure 
within the hydrogen tank 240, and the pressure within the pipe 205 becomes further 
lower than the pressure within the pipe 207. The pressure adjustment is, then. 
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ternriBated. In step Sal2, power generating operation by the power geneiradon system 
120 is stopped at a timing Sc4 of the timing chart shown in Kg. 4. 

[0070) In step Sb 1 of the flowchart shown in Fig. 3, the pressure change in 
the pipe 207 is detected at a timing Sc5 after an elapse of a predetejinined time s from 
the timing Sc4. More specifically an amount of the pressure change within the jfripe 
207 at the timing from Sc4 to ScS is detected. 

[0071) In step Sb2, the detected amount of the pressure change at the tixning . 
fiom Sc4 to Sc5 is compared with a predetermined reference amount of change v. Iff 
an absolute value of the amount of the pressure ^lange is equal to or smaller than ibe 
reference amount of change v, the process proceeds to step Sb32 where it is determined 
that there is no leakage bodi in the outlet valve 206 and the inltt valve 21 1. If die 
absolute value of the amount of the pressure change exceeds the reference amount of, 
change v. the process {voceeds step Sb31 or Sb33 where it is detennined that ihc*c is 
leakage both in the outlet valve 206 and tihie inlet valve 211- If *e pressure witfnn the 
pipe 207 increases such that its absolute value exceeds the reference amount of change 
V, it is detennined that the inlet vajve 21) has the leakage in step Sb31. If the 
pressing within the pipe 207 decreases such that its ^solute value exceeds the 
reference amount of change v, it is detennmed that the outlet valve 206 has the leakage 
instepSb33. 

[0072] The piedeterrnined time s is set to the time taken for the pressure 
within the pipe 207 to become equal to or larger than the reference amount of change v 
in the case where the inlet valve 21 1 or the oatjet valve 206 has the leakage. 

[0073) The fuel cell system 100 makes it possible to detect the hydrc^c^i 
leakage in both the inlet valve 211 and the ouUct valve 206 at the same time easily and 
quickly. According to the adjustment of pressure within die pipes 205, 207 as 
described lefcmng to the flowcharts of Figs. 2 and 3, a required pressure adjustment 
can be easily and quickly realised with a sinrq>lc structure. As the hydrogen within 
the pipe 205 is consumed by the PC stack 121, waste of hydrogen or discharge of the 
hydrogen to atmosphere may be prevented. 

[0074] In this embodiment, hydrogen within the pipe 205 is consumed by 
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the FC stack 1 21 . The hydrogen consumption, however, is not limited to the 
aforcmentioned case. For example, the pipe 205 may be connected to the hydrogen 
tank or the metal hydride (hydrogen absorbing alloy) in place of the FC stack 12K 
Altertiativcly hydrogen within the pipe 205 may be consumed, stored or ^cnbcd by 
the hydrogen tank, metal hydride and the like. 

[0075] The Ouidxnay be fojined not OTly as hydrogen bm also as >^ 
types of fluid so as to be appKed to various types of system. For exanqple, the fluid 
njay be formed as gas such as propane gas. oxygen, and liquid such as gascdine. 
petroleum, cleaning liquid, clean water, waste water and the like. 

[0076] In the cmbodinien^ each leakage in two valves is detected at the 
same time. It may be structured to detect each leakage in three or more valves at the 
same time. For example, it may be simctured to detect each leakage in a pluraUiy of 
valves for passing hydrogen into the pipe 207 and a plurality of valves for disciiaiging 
the hydrogen from the pipe 207 at the same time. 

(0077) 

C: Modified example 1 

Fig, 5 is a flowchart representing a control routine for leakage detection 
according to a modified example of the invention. Fig. 6 is a timing chart 
reprcscaiting the control roudhe for leakage detectioji acc^^ 

exaixipte. 

[0078] Steps SaOl , Sa02 of the flowchart shown in Fig. 5 are the same as 
those shown in the flowchart of Fig. 2. Upon drop in the pressure within the pipe 223, 
the power generation system 1 20 starts its power generating opOTiion. 

[0079] In step Sd03, the adjusttnent section 1 1 1 closes the outlet valve 206 
at a timing Se2. This may decrease the pressure within the pipe 205 while keeping 
the pressure within the pipe 207 upstream of the outlet valve 206 high. 

[0080] In step Sd04, the inlet valve 211 is closed at a timing Se3. In step 
SdOS, the ouUet valve 206 is opened at a timing Se4. Then the imssure within the 
pipe 207 starts decrtiasing. When the pressure within the pipe 207 dedreases to reach 
a predetennined pressure, the outlet valve 206 is closed in step Sd06 at a uming Sc5. 
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The predetermined pressure is set to the value that is sufficiently higher than the 
atixiospheric pressure but sufficiently lower than the pressure within the hydrogen tank 
240, 

[0081] In step Sa07, a passage of the predetemuned time m is waited, and 
the adjustment of each pressure within the pipes 205, 207 into a desired state is 
completed at a timing Se6. In step Sal2 identical to step shown in the flowchart of 
Fig. 2, the power generating operation performed by the power generation system 120 
is stopped. Step Sbl and subsequent steps shown in the flowcbait of Fig- 3 are 
executed after execution of step Sa 12. The predetermined time m is the time period 
taken for the pressuie within the pipe 205 to become sufficiently lower than the 
pressure within the pipe 207 or to sufficiently reach the a 

[0082] According to the control routine for the leakage detection as the 
modified example, the desired pressure adjustment can be easily realized even if the 
pipe system 200 is structured to momentarily uniformize the pressure both within the 
pipe 205 aand pipe 207, for example, with the small pa$$a£^ capacity or small cross 
section area. 

[0083] When the pressure within the pipe 207 decreases for the pcricki from 
the time for closing the ouUet valve 206 in step SdOB of the flowchart shown in Fig- 5 
to the time for opening the outiet valve 206 again in sXesp SdOS, it may be determined 
that the oudet vaiye 206 has the leakage. 

[0084] The way for adjusting the pressure \^thin the pipes 205, 207 may 
take various forn^. For example, the pressiire within the pip^ 

adjusted from the state where each pressure widiin those pipes 205, 207 is close to the 
atmospheric pressure, and only the hydrogen tank 240 is at high pressure by operating 
die inlet valve 211 and the outiet valve 206. 
[0085] 

D: Modified example 2 ' 

In step Sb33 of the flowchart shown in Fig, 3, the leakage in the outlet valve 206 
is determined. Howevcar, the leakage in the pipe 207 caused by its crack portion may 
be determined in step Sb33 of the flowchart shown jn Fig. 3. This makes it possible 
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to detea the leakage both in the inlet valve 21 1 and the pipe 207 at the sanw 
quickly. The leakage in the pipe 207 may <mly be detcnmned in step Sb33. 
Aliemativcly the leakage in the pipe 207 and the leakage in the outlet valve 206 may 
be determined at the same time in step Sb33. 

[0086] Hg. 7 is a schematic view of a fuel cell syston lOOa including a 
regulator 900 provided on an intennediate portion of the pipe 207. Kg- 7 shOws only 
the system for supplying hydrogen to the FC stack 121, and other elements of Ae 
stnJctuiB aiE the same as those shown in the embodiment shown in Fig. 1. The 
regulator 900 serves to operate to unifaraiize the pjressiire between the legolaior 900 

and the outlet valve 206. 

[0087] It is preferable to provide the pressure gauge 210 at a portion 
upstream of the regulaior, that is, between the regulator 900 and the hydrogen tank 
240. 

[0088] In the aforementioned state, the inlet valve 211 and the outlet valve 
206 arc operated so as to nsalize the pressure state as described in the embodiment. It 
is iweferable to set the reference pressure within the detection range to the value equal 
to or higher than the set pressure at a portiott downstream of the regulator 900. If any 
one of the inlet valve 211. ouflet valve 206. and the pipe 207 provided therebetween 
has the leakage, the pressure change may be detected by the pressure gauge 210 even 
under die prcssui* adjustment perftormed by die regulator 900. This makes it possible 
to determine the aforementioned leakage. 

[0089] TtcaibrcmehtionedariaDgeroentinaybeapp^^ 
plurality of hydrogen tanks are provided. Fig. 8 is a schematic view of a fuel cell 
system lOOb including a second hydrogen tank 240a. The second hydrogen tank 240a 
serves to store hydrogen for the pipe 207 via a valve 211a. The controller 110 
controls an operation of the valve 21 la of the second hydrogen tank 240a as well as the 
valve 21 1 of the first hydrogen tank 240. 

[0090] In the stnictore of the system as shown in Fig. 8. the pressure 

adjustment may take various forms. For example, the valves 21 1, 21ia may be 
opened or closed at the same timing, or at the diflferent timing- It may be smicnircd to 
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operate only one of the valves 211 ajid 21 U by keeping the other m a cjosed state. 

(OWU If there is a leakage in at least one of the valves 21 1, Ilia, the 
piessoTC change that is the same as the one owing to the leakage of the inlet valve 21 1 
may be dctcnnined. Hiis makes it possible to determine that at least one of the valves 
2 1 1 , 2 1 1 a has the leakage. The aforementioned detenninatipn may be pexf onned with 
respect to the leakage of the outlet valve 206 ot the pipe 207 at the same time. 

(OOM] The detection apparams and detection, mefliod have been described 
with respect to the embodiment of the invention . The afcmmendbned embodiment is 
used only for the purpose of making the invention compfchensive, and it is not 
intended to limit the invention, the invention may be changed or modified without 
departing from spirit and scope of the invention. 



